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SUMMARY
Preliminary studies were carried out on the activity and distribution of the two species of Galapagos bat using
heterodyne bat detectors. Monitoring at four sites on Santa Cruz Island from November 2003 to August 2005 revealed
no evidence for seasonal migration between the highlands and lowlands for either species. Bat activity was lowest
at all sites during December–March and increased over the year. The Hoary Bat Lasiurus cinereus was the commoner
of the two species and showed three nightly activity peaks, as determined by all-night monitoring at one site in Santa
Cruz Island over a period of three months in 2004. The Red Bat Lasiurus borealis brachyotis was common at only one site,
El Cascajo village. Opportunistic monitoring throughout the archipelago over the study period confirmed the
presence of the Red Bat on Floreana and revealed both species on Fernandina Island, a new island record for both.
A new hypothesis is proposed, of seasonal migration between islands within the archipelago.
RESUMEN
Patrones de actividad y distribución de murciélagos de Galápagos. Se llevó a cabo estudios preliminares sobre la
actividad y distribución de dos especies de murciélago de Galápagos usando detectores ultrasónicos. El monitoreo
en cuatro sitios de la Isla Santa Cruz, realizado entre noviembre de 2003 y agosto de 2005, no reveló evidencia de
migración estacional entre las tierras altas y las costas, para ninguna de las especies. La actividad de los murciélagos
fue la mínima en todos los sitios durante los meses de diciembre a marzo y se incrementó a lo largo del año. Lasiurus
cinereus fue la más común de las dos especies y mostró tres picos de actividad durante la noche, como fue determinado
por monitoreos que duraron toda la noche en uno de los sitios en Santa Cruz, que fueron efectuados durante un periodo
de tres meses del año 2004. Lasiurus borealis brachyotis fue común solo en uno de los sitios, la villa El Cascajo. Monitoreo
ocasional a lo largo del archipiélago durante el periodo del estudio confirmó la presencia de L. borealis en Floreana,
y la aparición de las dos especies en la Isla Fernandina, lo que representa un nuevo registro en esta isla para ambas.
Se propone una nueva hipótesis: una migración estacional entre islas dentro del archipiélago.
INTRODUCTION
The Galapagos archipelago has few native mammals.
Only two species of bat occur, the native Hoary Bat Lasiurus
cinereus and the endemic subspecies of the Red Bat L. borealis
brachyotis (Koopman & McCracken 1998). Apart from a
few anecdotal references, only one study has been
undertaken on the bats to date, in 1990 and 1991 on the
five islands Santa Cruz, San Cristóbal, Isabela, Floreana
and Santiago (McCracken et al. 1997, Koopman & Mc-
Cracken 1998, Whitaker & McCracken 2001).
McCracken et al. (1997) found that the Hoary Bat was
present on all five islands, while the Red Bat was present
on only Santa Cruz and San Cristóbal, although previous
records suggest it had been present on Floreana in the
past (Steadman 1986). Both species forage around street
lights at night in the inhabited areas, and appear to be
more common in the lowlands during the months of July
to December, and in the highlands in the period January
to June (McCracken et al. 1997). As McCracken’s work was
undertaken during the months of June to August, these
findings are tentative. McCracken postulated a seasonal
migration of bats from the highlands to the lowlands in
July–December, with anecdotal evidence that breeding
takes place in the highlands during January–June (Brosset
1963 cited by McCracken et al. 1997). McCracken was
unable to detect any breeding activity during his two
studies.
With the aim of extending McCracken’s work, three
studies on the activity and distribution of the two species
of bat in the archipelago were carried out from 2003 to
2005 to address three questions:
1. Is there any evidence to support the hypothesis of
seasonal migration between the highlands and
lowlands?
2. Do Galapagos bats show distinct activity patterns
over the night?
3. How widespread are they within the archipelago?
In order to answer the first question, a long-term
monitoring study was carried out in the highlands and
lowlands on one island (Santa Cruz) from November
2003 to August 2005, to see if bat activity levels vary from
site to site over the year or remain constant. For the second,
all-night monitoring was carried out at one site over a 3-
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month period in 2004. The third question was partially
answered through opportunistic monitoring carried out
throughout the archipelago whenever possible.
METHODS
Monitoring
For all three studies, bats were monitored using hand-
held heterodyne ultrasonic bat detectors (Bat Box 3 and
Petersen Ultrasound Detector D 200), which convert the
ultrasonic cries of bats to a frequency detectable by the
human ear. The two species can be readily distinguished
on the basis of both the frequency of their calls and their
pattern of ﬂight (McCracken et al. 1997, pers. obs.), with
Hoary Bat calling at 25 kHz, and direct ﬂight, high above
street lights, and Red Bat calling at 45 kHz, with ﬂuttering
ﬂight, below streetlights. Monitoring was not carried out
in heavy rain as bat activity in these conditions is known
to be minimal (McCracken et al. 1997 and pers. obs.).
Long-term monitoring. Four sites on Santa Cruz Island
were routinely monitored (Fig. 1), aiming to sample bat
activity at each at least once for each month of the year.
The nightly activity patterns of Galapagos bats were not
known at the initiation of this study and so a relatively
narrow time period was deﬁned during which all
monitoring was carried out to minimize the risk of bias:
between 18h30 and 21h30. At each sampling visit, bat
activity was assessed by the number of bat passes
recorded over two 5-minute periods each night, one with
the detector tuned to the Hoary Bat (25 kHz), and one
tuned to the Red Bat (45 kHz). The order of recording (i.e.
Red Bat ﬁrst or Hoary Bat ﬁrst) was alternated at each
monitoring session. A bat pass is deﬁned as the sound of
an individual bat passing the observer within the range
of the bat detector. The number of feeding buzzes was also
recorded for each species during each monitoring period.
All-night monitoring. Nine sites were selected in Puerto
Ayora town and monitoring was carried out using the
protocol described above, covering all the 1-h periods
from dusk to dawn, 18h00–5h30, during the period
February–May 2004. A single site and limited time period
were used to avoid the complication of seasonal and site
eﬀects.
Opportunistic monitoring. For the towns and agricultural
zones of San Cristóbal, Floreana and Isabela islands,
several monitoring visits were carried out using the long-
term monitoring protocol described above. For un-
inhabited areas on these islands, and other uninhabited
islands, in most cases only a single visit was possible and
monitoring was done for a longer period, switching
frequency irregularly over periods of 20 minutes to several
hours, in order to establish the presence of any bats at the
site.
Study sites
Both the long-term and all-night monitoring studies were
carried out on Santa Cruz Island, the second largest island
in the archipelago (986 km2, elevation 834 m). A prelim-
inary survey along the entire island road system (outside
Puerto Ayora) was conducted in Oct–Nov 2003 using the
protocol described above. Both species showed relatively
high levels of activity around street lights and relatively
low levels in unlit areas. Routine monitoring sites were
therefore established near street-lit areas in order to
maximise the potential data collected.
The four sites selected for the long-term monitoring
represent lowland (dry), highland (wet) and intermediate
(wetter and drier) zones:
1. Lowland (dry): Puerto Ayora town, 30 m a.s.l.
2. Intermediate (relatively wet): Bellavista village, 190
m a.s.l., within the Transition vegetation zone of
Wiggins & Porter (1971).
3. Intermediate (relatively dry): El Cascajo village, 250 m
a.s.l., at the eastern, drier end of the agricultural zone,
within the Transition vegetation zone.
4. Highland (wet): Santa Rosa village, 400 m a.s.l., in the
upper Transition or lower Scalesia vegetation zones.
The all-night monitoring study was carried out in
2004 at nine well-lit sites, at least 250 m apart, around the
outskirts of Puerto Ayora town.
Data analysis
To examine the hypothesis of seasonal migration, seasons
were deﬁned by examination of the temperature and
rainfall data for the three years of the study at the two
weather stations maintained in Puerto Ayora and
Bellavista by the Charles Darwin Research Station.
Monthly temperatures varied relatively little over the
study period, with a maximum recorded temperature of
26.4°C in March 2003 and minimum of 19.2°C in August
2004 (range of 7.2°C over the three years). These tem-
perature variations are not considered critical for Lasiurus
species and so were not considered further. Rainfall aﬀects
bats directly, and indirectly by aﬀecting their main food
source, insects. Average monthly rainfall ﬁgures for
Figure 1. Monitoring sites on Santa Cruz (squares), and sites
where Red Bats (circles) and Hoary Bats (triangles) were
detected on islands other than Santa Cruz.
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Puerto Ayora and Bellavista (Fig. 2) suggest grouping
into three seasons: 1 = wet (Dec–Mar), 2 = dry (Apr–Jul),
3 = transition (Aug–Nov). The all-night monit-oring data
were collected during Season 2 in 2004.
RESULTS
Long-term monitoring
Altogether, 406 distinct 5-minute sampling periods were
recorded for Hoary Bat activity, and 391 for Red Bat
activity (Table 1). There is heavy weighting of data
collection to Puerto Ayora and Season 2 for logistical
reasons. There was a significant positive correlation
between the number of feeding buzzes and passes for
both Hoary Bat (r = 0.598, df = 405, P < 0.001) and Red Bat
(r = 0.694, df = 390, P < 0.001).
There was no evidence that Hoary Bat activity changed
site according to the season (Fig. 3). Hoary Bat activity
was lowest at all sites in Season 1, showing an overall
increase over Seasons 2 and 3 with distinct peaks of
activity in Season 3 in Bellavista and Santa Rosa; the peak
occurred in Seasons 2 and 3 at El Cascajo.
Figure 2. Monthly average rainfall at Puerto Ayora and
Bellavista for 2003 (diamonds), 2004 (squares) and 2005
(triangles).
There was also no evidence that the Red Bat changed
site according to season (Fig. 4). Its activity was lowest at
all sites in Season 1, with slight peaks of activity in Season
2 in Puerto Ayora and Bellavista, and a sharp peak in
Season 3 in Santa Rosa. The Red Bat was common at only
one site, El Cascajo.
Table 1. Sampling occasions for the Hoary Bat (HB) and Red
Bat (RB) by site and season.
Season 1 Season 2 Season 3
HB RB HB RB HB RB
Puerto Ayora 92 94 94 89 19 19
Bellavista 16 16 23 22 14 8
El Cascajo 16 16 33 31 12 12








































Figure 3. Average (±1 S.E.) number of Hoary Bat passes for four
long-term monitoring sites on Santa Cruz during the three
seasons.
Figure 4. Average (±1 S.E.) number of Red Bat passes for four
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Nocturnal activity patterns
Sufficient data for analysis are only available for the Hoary
Bat as Red Bat activity was relatively low. A total of 435
distinct 5-minute sampling periods were recorded for
Hoary Bat activity (Table 2).
Hoary Bats were active all night long, and there was
no time when activity was not detected (Fig. 5). Three
peaks of activity can be discerned: 19h00–20h00, 24h00–
1h00, and 3h00–4h00. There was no evidence that the
Hoary Bat emerged before dusk or remained active after
dawn, as the two lowest periods of activity are around
Table 2. Sampling periods for the Hoary Bat during each hour of the night, from 18h00 to 6h00.
Hour beginning: 18h00 19h00 20h00 21h00 22h00 23h00 0h00 1h00 2h00 3h00 4h00 5h00
Number of sampling periods 26 45 54 46 40 36 45 35 24 27 29 28
Figure 5. Average (±1 S.E.) number of Hoary Bat passes from
18h00 to 6h00, in Puerto Ayora during Season 2.
these times, 18h00 and 5h00 and bats were not seen during
full daylight.
Bat presence on other islands
Surveying was carried out opportunistically on eight
other islands (Table 3). The Hoary Bat was detected on
five islands in addition to Santa Cruz: Isabela, San
Cristóbal, Floreana, Fernandina (both the crater rim and
slope) and Santiago (Fig. 1). The Red Bat was found on
three islands in addition to Santa Cruz: San Cristóbal,
Floreana and Fernandina (slope and rim) (Fig. 1). Fernan-
dina Island is a new distribution record for both bat
species.
These results in most cases reflect a single monitoring
event; repeated monitoring visits took place only on San
Cristóbal. Consequently a failure to detect a species does
not necessarily mean that it does not occur there.
DISCUSSION
No evidence of seasonal migration between the four sites
monitored on Santa Cruz Island was found for either
species. For both, activity was lowest at all sites in Season
1 and overall highest in Season 3, as found by McCracken
et al. (1997) in 1990 and 1991. However, both Lasiurus cinereus
and L. borealis are known to exhibit distinct seasonal and
sexual geographical distribution in the U.S.A. (Caire et al.
1986, 1988, McCracken et al. 1997), with males and females
occurring at different sites. This was an aspect of the
Table 3. Results of surveys for Hoary Bat and Red Bat on islands other than Santa Cruz.
Island Site Date Total minutes Hoary Bat Red Bat
monitored detected detected
Isabela Agricultural zone Mar 2004 20 No No
Coastal town Mar 2004 20 Yes No
San Cristóbal Agricultural zone Intermittent over the year 30 Yes Yes
Coastal town Intermittent over the year 20 Yes No
Floreana Agricultural zone Apr 2004 20 Yes No
Coastal town Apr 2004 20 Yes Yes
Pinzón Plateau (0°36´40.5´´S, 90°40´11.5´´W) Jan 2005 60 No No
Rábida Visitor site (0°24´0.6´´S, 90°42´25.2´´W) Jan 2005 60 No No
Fernandina NW rim of crater Nov 2004 not recorded Yes Yes
Feb 2005 105 Yes No
Cabo Douglas (0°18´15.9´´S, 91°39´3.7´´W) Feb 2005 90 No No
Ascent Camp 1 (0°20´30. 2´´S, 91°36´58.2´´W) Feb 2005 90 Yes No
Ascent Camp 2 (0°21´16.3´´S, 91°35´20.8´´W) Feb 2005 190 Yes Yes
Santiago Puerto Egas Mar 2005 165 Yes No
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behavioural ecology of these species not studied here.
Further, the data reflect overall bat activity levels, not bat
numbers or individual identity, which may obscure
actual distribution differences.
The Hoary Bat was the most common species and was
found at all sites monitored on Santa Cruz and in all
months, although it is not conspicuous due to its habit of
flying fast and high, above the street lights. The Hoary Bat
is generally considered a robust species, occurring across
the Americas from the U.S.A. to Chile. It is now recorded
from six islands in the archipelago, with a new record for
Fernandina.
The Red Bat has a more restricted distribution in the
Americas and is much less well known. It is now known
from four islands in Galapagos; its suspected presence on
Floreana has been confirmed and there is a new record for
Fernandina Island. Overall this species had lower activity
levels than the Hoary Bat and is almost completely absent
from Puerto Ayora, Bellavista and Santa Rosa in Season
1 (Dec–Mar). The only site where it was consistently
observed was El Cascajo, a small village at the driest,
eastern end of the agricultural zone, with increasing
activity over the year. During Season 1, searches were
made along the cross-island road on Santa Cruz with the
bat detector tuned to 45 kHz, but with no Red Bats detected.
Three hypotheses are postulated for the change in Red Bat
activity over the year: a change in foraging behaviour, e.g.
between hawking insects around lights, and gleaning; a
change in habitat use, e.g. moving into the National Park
area; migration within the archipelago to other islands.
Bats are typically flexible and adaptable in their foraging
strategies (Fenton 1990) so seasonal changes would not
be surprising, probably linked to prey abundance and
availability rather than climate directly. As noted by
McCracken et al. (1997) Red Bats are migratory in other
parts of their range, over distances greater than those
between the different Galapagos Islands. The hypothesis
of seasonal migration within the archipelago requires
further investigation, especially for the Red Bat.
The Hoary Bat is typically considered a late flyer,
appearing several hours after dusk, with an activity peak
after emergence and then a second before dawn (Caire et
al. 1986). The activity pattern found by this study was
unclear, with bats active all night and possibly either
two or three peaks suggested by the data (Fig. 5). A pattern
of three peaks with one around 3h00 is shown by Mormops
megalophylla in Pichincha, Ecuador (Boada et al. 2003), and
may be a feature of tropical bats. This requires further
study.
This preliminary study has expanded our knowledge
of the movements and distribution of the Galapagos bats,
and has highlighted the need for further work to explore
the distribution and movements of the two species within
the archipelago, particularly the more elusive Red Bat.
ACKNOWLEDGMENTS
We would like to acknowledge the Galapagos National
Park, which gave permission for this work, the Charles
Darwin Foundation for support, Washington Tapia for
advice and encouragement, Gary McCracken for advice
and the loan of equipment, Solanda Rea for the meteoro-
logical data, and all the people who joined us at night and
shared the loneliness of nocturnal bat monitoring.
LITERATURE CITED
Boada, C., Burneo, S., de Vries, T. & Tirira, D.S. 2003. Notas
ecológicas y reproductivas del murciélago rostro de
fantasma Mormops megalophylla (Chiroptera: Mormo-
opidae) en san Antonio de Pichincha, Pichincha, Ecuador.
Journal of Neotropical Mammalogy 10: 21–26.
Caire, W., Hardisty, R.M. & Lacy, K.E. 1986. Ecological notes
on Lasiurus cinereus (Chripoptera: Vespertilionidae) in
Oklahoma. Proceedings of the Oklahoma Academy of Sciences
66: 41–42.
Caire, W., Hardisty, R.M. & Lacy, K.E. 1988. Capture heights
and times of Lasiurus borealis (Chiroptera: Verpertilionidae)
in southeastern Oklahoma. Proceedings of the Oklahoma
Academy of Sciences 68: 51–53.
Koopman, K.F. & McCracken, G.F. 1998. The taxomomic status
of Lasiurus (Chiroptera: Vespertilionidae) in the Galápagos
Islands. American Museum Novitates 3243: 1–6.
McCracken, G.F., Hayes, J.P., Cevallos, J., Guffey, S.Z. &
Romero F., C. 1997. Observations on the distribution,
ecology and behaviour of bats on the Galápagos Islands.
Journal of Zoology, London 243: 757–770.
Whitaker, J.O. & McCracken, G.F. 2001. Food and ectopara-
sites of bats on the Galápagos Islands. Acta Chiropterologica
3: 63–69.
Wiggins, I.L. & Porter, D.M. 1971. Flora of the Galápagos Islands.
Stanford University Press, Stanford.
